LIQUID CRYSTAL DISPLAY DEVICE, LIQUID CRYSTAL CONTROLLER AND 
VIDEO SIGNAL TRANSMISSION METHOD 

5 BACKGROUND OF THE INVENTION 

Technical Field 

The present invention relates to a liquid crystal display device for displaying an image 
based on a received video signal, and relates in particular to a liquid crystal display 
1 0 device provided with an improved driver interface for a liquid crystal display panel. 

Prior Art 

Generally, when displaying an image on a liquid crystal display panel, first, an image 
signal from the graphics controller of a system, including a PC, or of a system unit is 
15 output via a video interface. Then, upon receiving the image signal, an LCD (liquid 
crystal display) controller LSI transmits a signal to each of the individual ICs in a 
source driver (an X driver or an LCD driver) and a gate driver (a Y driver), and 
applies a voltage to each source electrode and each gate electrode in a TFT array, 
arranged as a matrix, until finally, an image is displayed. 

20 

An interface used by a conventional LCD driver is shown in Fig. 20. In Fig. 20, one 
constituent of a source driver is an IC chip 301, fewer than twenty of which are 
provided for one LCD panel. As is commonly done with the chip on glass (COG) 
technique, the chips 301 are mounted on a glass substrate, which constitutes the LCD 

25 panel, outside an area covered by a color filter. Each of the chips 301 is then 
connected to a power feed line (Power) 302, and each of them receives a video 
interface signal 303 and a sampling start signal (StartPulse) 304. In consonance with a 
gray scale of 8 bits, provided for the video interface signal 303 and the sampling start 
signal 304 are a total of 28 lines, 27 of which are used for the video interface signal 

30 303 to carry 24 bits of RGB video data, comprising one 8 bit set for each of the three 
colors R, G and B, a strobe signal for outputting received RGB data to the LCD, a 



polarity signal for designating the polarity of a voltage that is to be applied to the 
LCD, and a clock signal for transmitting a dot clock of about 65 MHz when an XGA 
(1024 x 768 dots) panel is employed. The sampling start signal 304 is used to initiate 
the sampling of the RGB video data. 

5 

As is shown in Fig. 20, a cascade-connection may be used for the sampling start signal 
304. However, the power line 302 and the 27 lines of the video interface signal 303 
are arranged on an adjacently and separately provided printed circuit board (PCB) or 
flexible printed circuit board (FPC). That is, since it is difficult for the conventional 
10 technique to provide the wiring between the chips on the glass substrate, a line wiring 
section is formed on the adjacent printed circuit board so that video data can be 
transmitted through a bus that connects the chips. In this case, no problem has arisen 
considering the number of video signals input to the LCD source driver. 

1 5 Recently, in order to further reduce manufacturing costs, attention has been focused on 
a COG&WOA (Wiring On Array) technique. In addition, another technique has been 
developed whereby a driver LSI is arranged on a TCP (Tape Carrier Package) so that 
the LSI is connected, via the TCP, to a TFT array substrate (a glass substrate). If, 
using these techniques, the IC can be attached to the glass substrate directly, or via the 

20 TCP, and the wiring formed on the printed circuit board can be eliminated, the 
manufacturing costs can be greatly reduced. 

However, with a conventional bus connection, a great number of video signals are 
25 input to the LCD source driver, and implementation of a COG&WOA LCD module 
can not be performed. That is, if multiple lines, such as 28 lines, are to be moved 
unchanged to the glass substrate, a frame space of 1 to 2 cm is required around a liquid 
crystal cell. If such a large frame space is provided, this will constitute the provision 
of a condition that runs counter to current demand, which is for a reduced frame size, 
30 and accordingly, the value of the product will be reduced. 
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As a technique for reducing the frame size by using a COG structure, a wiring 
arrangement whereby an FPC is so constructed that it covers the chips, and the chips 
are connected to the FPC is proposed in Japanese Unexamined Patent Publication No. 
Hei 5-107551. According to this technique, the frame size can be reduced, but the 
5 thickness of the panel can not. Further, since in this structure all the chips are 
connected directly to the FPC, the number of connection terminals is increased, and 
the reliability of the connections will not be satisfactory. In addition, since multiple 
FPC connection terminals are provided between the chips, large gaps are required 
between the chips, and this makes it difficult to reduce the size of the device. 

10 

To resolve the above described shortcomings, it is one object of the present invention 
to drastically reduce the number of video signals that are input to an LCD driver and 
to reduce the manufacturing costs by implementing the COG&WOA technique. 

15 It is another object of the present invention to provide a structure that can constitute a 
fast, compact serial interface for low power consumption, and that can minimize the 
number of fast operating circuits that are used, thereby suppressing an increase in 
power consumption and an increase in chip size. 

20 Summary of the Invention 

To achieve the above objects, according to the present invention, driver ICs to which 
an input video signal is distributed are, to the greatest extent possible, cascade- 
connected to reduce the number of wiring lines leading to the individual drivers IC, so 
that the COG&WOA structure can be implemented. That is^ a liquid crystal display 

25 device according to the present invention comprises: a liquid crystal cell which forms 
an image display area on a substrate; and a driver for applying a voltage to the liquid 
crystal cell based on an input video signal, wherein the driver includes a plurality of 
driver ICs that are mounted on the substrate and are cascade-connected using signal 
lines. 

30 
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It is preferable that each of the driver ICs include an input pad and an output pad, and 
that, because the cascade connection can be easily carried out, among these driver ICs 
the output pad of a first driver IC be connected to the input pad of a second driver IC. 
Further, when an input pad and an output pad are located at the two ends of each 
5 driver IC, the lengths of the signal lines and of the clock lines, or the lengths of paired 
signal lines along which a differential signal is transmitted, can be easily matched, and 
the phase adjustment can be easily performed. 

Further, the driver includes the plurality of driver ICs that are cascade-connected to a 
10 power feed line via metal layer of the each driver ICs. Compared with when a power 
feed line is provided on the substrate, power can be supplied to the driver IC that is 
furthest downstream, while a low resistance is maintained. 

The driver ICs receive video signal consisting of serial data, and the video signal is 
15 synchronized based on a synchronization pattern included in the serial data. The 
synchronization pattern is transmitted during a horizontal blanking period for a video 
signal. 

Furthermore, it is preferable that a low differential voltage signal be employed for the 
20 transmission of a video signal, and that one pair of lines (two lines) be used for video 
data, while another pair of lines (two lines) is used for a synchronization clock. As a 
result, a fast serial interface can be efficiently implemented. 

According to the present invention, a liquid crystal display device comprises: a liquid 
25 crystal cell which forms an image display area on a substrate; and a driver for 
distributing an input video signal to a plurality of chain-connected driver ICs, and for 
applying a voltage to the liquid crystal cell by employing the driver ICs, wherein the 
driver distributes the video signal to the plurality of driver ICs with providing a 
masking signal from an upstream driver IC to a downstream driver IC of the plurality 
30 of driver ICs, wherein the masking signal masks the video signal to be provided by the 
upstream driver ICs. With this arrangement, only the video signal lines can be 
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employed the for distribution of a video signal. And the masking process can be 
performed by adding a plurality of (e.g., three) logic gates to a differential buffer. 

The downstream driver IC of the driver receives the masking signal from the upstream 
5 driver IC, and applies a voltage to the liquid crystal cell in accordance with the input 
video signal Then, the downstream driver IC can easily receive a video signal 
following the receipt of a command to receive succeeding data. 

Furthermore, according to the present invention, a liquid crystal display device 
10 comprises: a liquid crystal cell which forms an image display area on a substrate; and 
a driver for distributing an input video signal to a plurality of driver ICs that are 
cascade-connected, and for applying a voltage to the liquid crystal cell by employing 
the driver ICs, wherein the driver ICs of the driver are cascade-connected by a video 
transmission line provided on the substrate, and are controlled by serial data that are 
1 5 transmitted along the video transmission line. 

The video transmission line connecting the plurality of driver ICs comprises a first 
signal line, and a second signal line for which the polarity of the first signal line has 
been inverted. With this arrangement, during rapid serial transmission, the occurrence 
20 of electromagnetic interference (EMI) can be reduced as much as is possible, and the 
transmission of signals is ensured. A pair of lines, other then the video transmission 
lines, can also be employed as synchronization clock lines. 

The driver further comprises a clock line and a power line which makes a cascade 
connection to the plurality of driver ICs. The WOA can be implemented by efficient 
25 provision of substrate wiring. 

In addition, of the driver ICs, an upstream driver IC includes a dummy circuit for 
substantially matching a video phase and a clock phase. Thus, the phases of the driver 
ICs that are cascade-connected can be matched without a PLL (Phase Locked Loop) 
30 circuit being provided for the synchronization of each driver IC. The phases do not 
have to be fully matched, and must be matched only within a permissible range. 
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When the present invention is applied for a controller, a liquid crystal controller 
comprises: a receiver for receiving a video signal from a host to displaying an image; a 
sequencer for, upon the receipt of a control signal from the host, generating header 
5 information for packet data that are to be output to an LCD driver comprising a 
plurality of driver ICs which are cascade-connected; and output means for converting 
the video signal received from the receiver into a serial video signal, for adding the 
header information generated by the sequencer to the serial video signal, and for 
outputting the resultant serial video signal to the LCD driver. With this packet 
1 0 transmission, the LCD driver can be controlled simply by using the video transmission 
line, and the input of a control signal, as in the prior art, is not required. 

The sequencer generates the header information by which the driver ICs of the LCD 
driver are synchronized with each other, and the output means provide the header 
1 5 information used for synchronization during a horizontal blanking period. 

Further, according to the present invention, a video signal transmission method for 
transmitting a video signal to an LCD driver which has a plurality of driver ICs 
comprises the steps of: transmitting a video signal, including a horizontal blanking 
20 period, to the driver ICs via a serial interface; and transmitting a synchronization 
pattern during the horizontal blanking period in order to synchronize the video signal 
for the driver ICs. 

Further, when the synchronization pattern is transmitted for at least at two cycles, the 
25 driver IC can extract the serially transmitted synchronization pattern. Moreover, when 
during the period in which the video signal is transmitted, the driver ICs conform to 
the synchronization pattern, even if an erroneous operation is performed the recovery 
of the synchronization can be accomplished one line later. 

30 According to the present invention, a video signal transmission method, for 
transmitting a video signal to an LCD driver which has a plurality of driver ICs that 
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are cascade-connected, comprises the steps of: transmitting a video signal via a serial 
interface to the driver ICs that are cascade-connected; and applying to an LCD a 
voltage based on the video signal that is received and that is to be processed by each of 
the driver ICs; wherein the video signal is constituted by bit blocks having a plurality 
5 of attributes and wherein said driver ICs are controlled by using the bit blocks. 

One of the bit blocks includes a wait command for waiting for the driver ICs. The 
wait command is generated by each of the driver ICs that processes the video signal, 
and is transmitted to a downstream driver IC that is cascade-connected. According to 

1 0 this method, a video signal can be distributed using a method whereby the video signal 
to be processed by the upstream driver IC is not shown to the downstream driver IC. 
In addition, the video signal line can be used for the distribution of a video signal. 
The video signal can be transmitted to the LCD driver by using a packet, and the 
plurality of driver ICs are controlled by a protocol that employs the header of the 

15 packet. Thus, all the driver ICs can be easily controlled without a special control input 
by the driver IC being required. 

Brief Description of the Drawings: 
20 Preferred embodiments of the present invention will now be described, by way of 
example only, with reference to the accompanying drawings in which: 
Fig. 1 is a diagram illustrating the arrangement of an image display device according 
to one embodiment of the present invention. 

Fig. 2 is a diagram for explaining the internal structure of an LCD controller 4 
25 according to the embodiment. 

Fig. 3 is a diagram for explaining the internal structure of a source driver IC 20 
according to the embodiment. 

Fig. 4 is a diagram showing example formats for serial data used for the embodiment. 
Figs. 5A, 5B and 5C are diagrams showing the transmission of a serial signal that is 
30 formed of sequential bit blocks. 

Fig. 6 is a diagram showing the arrangement of a serial video signal receiver 28. 
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Fig. 7 is a diagram showing an example serial/parallel conversion function that 
employs a converter 51 and 4-bit latches 52 and 53. 

Fig. 8 is a diagram showing the relationship between a comparison pattern for a header 
41 and the output of a selector 54. 
5 Fig. 9 is a diagram showing a pattern for conformation of data synchronization. 
Fig. 10 is a diagram showing the shifting of the state of a sequencer 56. 
Fig. 1 1 is a diagram showing a process for data synchronization. 
Fig. 12 is a diagram illustrating the arrangement of a driver controller 29. 
Figs. 13A and 13B are diagrams showing the condition for generating a control signal 
1 0 (waveforms and the shifting of the state of each control signal). 

Fig. 14 is a diagram showing the transmission of data when generation of a wait bit 
block 47 is begun. 

Fig. 15 is a diagram showing a delay extending from the input of serial video data to 
the completion of 24-bit data. 
15 Fig. 16 is a diagram showing the timings for data output to. an LCD source driver 31 
and for a sampling pulse. 

Fig. 17 is a diagram showing the timing whereat data are distributed among source 
driver ICs 20. 

Fig. 18 is a diagram showing the sequence for the generation of a CntJVIask signal. 
20 Fig. 19 is a diagram showing the arrangements of the output differential buffers 23 and 
24 in Fig. 3. 

Fig. 20 is a diagram for explaining an interface used by a conventional LCD source 
driver. 

25 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE 
INVENTION 

30 Fig. 1 is a diagram illustrating the arrangement of an image display device according 
to one embodiment of the present invention. A liquid crystal cell controller 1 and a 
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liquid crystal cell 2, which has the same liquid crystal structure as does a thin-film 
transistor (TFT), constitute a liquid crystal module. The liquid crystal module is 
mounted on a display device that is separated from a host system, or on the display 
unit of a notebook PC. In the liquid crystal cell controller 1, RGB video data (video 
5 signals) or a control signal are transmitted by the graphics controller LSI (not shown), 
via a video interface (I/F) 3 of the host system, to an LCD controller 4. Further, 
generally, DC power is supplied via the video I/F 3. A DC-DC converter 5 employs 
the DC power that is received to generate a DC power voltage required by the liquid 
crystal cell controller 1, and supplies the voltage to a gate driver 6, a source driver 7, 

10 and a backlight fluorescent tube (not shown). The LCD controller 4 processes a signal 
received from the video I/F 3, and transmits the thus obtained signal to the gate driver 
6 and the source driver 7. The source driver 7 outputs a voltage to be applied, in the 
horizontal direction (the X direction), to the source electrodes of the TFTs that are 
arranged as a matrix on the liquid crystal cell 2. The gate driver 6 outputs a voltage to 

15 be applied to the source electrodes of the TFTs that are arranged in the vertical 
direction (the Y direction). 

The gate driver 6 and the source driver 7 are constituted by a plurality of ICs. In this 
embodiment, the source driver 7 includes a plurality of source driver ICs 20, which are 

20 LSI chips. For the sake of convenience, in the explanation in Fig. 1 the liquid cell 
controller 1 and the liquid crystal cell 2 are separated. However, in the embodiment, 
the source driver ICs 20 are formed in accordance with a COG structure on a glass 
substrate that forms the liquid crystal cell 2, and individual lines are also laid on the 
glass substrate in accordance with a WOA structure. Further, as a characteristic 

25 structure, all the lines for the source driver ICs 20 are cascadeJ-connected (sequentially 
connected as a continuous connection or a multiple connection). That is, the 28 video 
interface signals that are conventionally used for driving are replaced by one pair of 
data signal lines and one pair of clock signal lines, which are to be used for driving. 
Therefore, only four IO pads must be located at each end of each source driver IC 20. 

30 In this embodiment, the power signal is input at the right and left ends of each source 
driver IC 20, and a power source is also cascade-connected via the metal layer in the 
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chip. With this arrangement, on the glass substrate driver wiring is not required in a 
portion immediately below each source driver IC 20, and the short ring line that is 
normally used can be deposited at the pertinent portion in order to protect a TFT. 



5 Fig. 2 is a diagram for explaining the internal structure of the LCD controller 4 
according to this embodiment. 

A receiver 1 1 has a function for receiving and latching parallel RGB video data that 
are input via the video I/F 3 (see Fig. 1). Based on a table 13 in which information is 
stored to prepare a packet, a sequencer 12 prepares header information for a four-bit 

10 packet by employing three control signals, a VS (vertical synchronization signal), an 
HS (horizontal synchronization signal) and a DT (display timing signal). Specifically, 
the sequencer prepares a command for controlling the source driver ICs 20, such as the 
output of "0000" at a blanking period. Further, the sequencer 12 transmits, during the 
horizontal blanking period, a synchronization signal used for synchronization of the 

15 source driver ICs 20. A parallel/serial converter 14 converts, into serial data, the 24- 
bit parallel video data that are latched and output by the receiver 1 1 and the 4-bit 
header information, which is generated by the sequencer 12, and transmits the 
obtained serial data to a differential buffer 16. A PLL (Phase Locked Loop) circuit 15 
prepares a clock that is multiplied 28 times and transmits it to a differential buffer 17. 

20 Then, the differential buffers 16 and 17 prepare differential signals by respectively 
adding to the data, received from the parallel/serial converter 14, and the multiplied 
clock, received from the PLL circuit 15, similar data having an inverted polarity, and 
output the differential signals to the source driver ICs 20. 

25 Fig. 3 is a diagram for explaining the internal structure of the source driver IC 20 
according to this embodiment. The source driver IC 20 includes: differential buffers 
21 and 22, for receiving differential signals from the LCD controller 4 and a preceding 
source driver IC 20; differential buffers 23 and 24, for outputting differential signals to 
a succeeding source driver IC 20; a converter 25, for converting a differential clock 

30 signal received from the differential buffer 22 into a single clock; a converter 26, for 
converting a differential video signal received from the differential buffer 21 into a 
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single video signal (Sin); a clock frequency divider 27, for converting a clock received 
from the converter 25 into a low synchronized frequency; a serial video signal receiver 
28, for employing serial data to generate appropriate 4-bit parallel data; a driver 
controller 29, for controlling an LCD source driver 31; a gamma compensation circuit 
5 30, for generating a reference gamma compensation voltage; and the LCD source 
driver 31, for receiving video data and applying a video voltage to the liquid crystal 
cell 2. 

In this embodiment, the values output by the differential buffers 23 and 24 can be 

10 forcibly set to "1" by using a control signal Cnt_Mask that is output by the driver 
controller 29. With this arrangement, video data for a source driver IC 20 can be 
masked relative to a downstream source driver IC 20, and without any special wiring 
being required, video data can be distributed among the source driver ICs 20. In order 
to use a differential clock to operate the individual circuits that constitute the source 

15 driver IC 20, the converter 25 performs the same functions as the differential buffers 
21 and 22. And while the gamma compensation circuit 30 is not required when a 
reference gamma compensation voltage is input by an external source, it is preferable 
that such a voltage be internally generated in order to reduce the number of inputs to 
the source driver IC 20. Only a plurality of 10-bit precision DACs must be prepared 

20 and only gamma compensation data must be downloaded via the interface of this 
embodiment, and a common LCD source driver can be used as the LCD source driver 
31. That is, the output of the individual circuits, other than the gamma compensation 
circuit 30 and the LCD source driver 31 in Fig. 3, can be fetched to a common LCD 
source driver, so that an LCD source driver that includes a fast serial video interface 

25 can be implemented. Since for an XGA (Extended Graphics Array) (1024 x 768 dots) 
resolution the input clock frequency is approximately 2 GHz, it is preferable that a 
process, such as the SiGe (Silicon Germanium)-BiCMOS technology that is advocated 
by the present applicant (IBM), be employed. A detailed explanation of the SiGe- 
BiCMOS technology will not be given. 

30 
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An explanation will now be given for serial transmission protocol according to this 
embodiment. 

Fig. 4 is a diagram showing an example serial data format used for this embodiment. 
5 The serial data are prepared by the LCD controller 4, or by the preceding (upstream) 
source driver IC 20, and are transmitted to the cascade-connected source driver IC 20. 

The serial data for this embodiment are carried by 28 bits, which, in this embodiment, 
is called a bit block. A bit block consists of a header 41, comprising four bits, and 
10 data 42, comprising twenty-four bits. In Fig. 4, in accordance with the header 41 the 
protocol for this embodiment defines four types of blocks, 44 to 47. 

(1) Synchronization bit block 44 

This is a bit block that is received during a blanking period. The header 41 is [1000], 
1 5 which represents a synchronization bit block, and the data 42 are all "0s." During this 
period, each source driver IC 20 acquires synchronization for the video data it 
receives. 

(2) Command bit block 45 

20 This is a bit block that is received in consonance with an arbitrary timing during the 
blanking period. The header 41, which represents a command bit block, is [1100]. 
Each source driver IC 20 interprets the control data contained in the data 42, and 
drives the liquid crystal cell 2. Example control data are as follows. 

(a) Start of transmission for video data 

25 [0000-0000-0000-0000-0000-0000] 

This command is used to provide notification that video data transmission has begun. 
After this command is issued, the transmission of video data using a data bit block, 
which will be described later, is initiated. 

(b) Start of transmission of gamma data 
30 [1000-1000-1000-1000-1000-1000] 
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This command is used to provide notification that the transmission of gamma 
compensation data (value for generating a reference voltage) has begun. After this 
command is issued, the transmission of gamma data using a data bit block, which will 
be described later, is initiated. 
5 (c) Strobe ON/OFF 

Strobe ON [1101-1101-1101-1101-1101-1101] 
Strobe OFF [1 100-1 100-1 100-1 100-1 100-1 100] 
These commands are used to provide notification that output to the liquid crystal cell 2 
has begun. Upon the receipt of the command strobe ON, the driver controller 29 sets a 

10 strobe (STB) signal, which is to be transmitted to the LCD source driver 31, High. 
While upon the receipt of the command strobe OFF, the driver controller 29 sets a 
strobe (STB) signal, which is to be transmitted to the LCD source driver 31, Low. 
Thus, during a period wherein the strobe signal is High, the output to the liquid crystal 
cell 2 can be maintained in a high impedance state. 

1 5 (d) Designation of output polarity 

Positive polarity output [1111-1111-1111-1111-1111-1111] 
Negative polarity output [1 110-11 10-1 110-11 10-1110-1 110] 

These commands are used to designate the polarity of a voltage output to the liquid 
crystal cell 2. Upon the receipt of one of these commands, the driver controller 29 
20 will set or reset an internal polarity control signal (POL). 

(3) Data bit block 46 

This is a bit block used for the transmission of video data or of gamma compensation 
data. The header 41 is [1 1 10] and represents a data bit block, while the contents of the 
25 block are identified by using a command that was previously transmitted, 
(a) Video data [Red 8-bit] [Green 8-bit] [Blue 8-bit] 

The video data for one line are transmitted sequentially. For the XGA, 1024 data bit 
blocks 46 are sequentially received. The driver 29 for each source driver IC 20 
receives only its own, individual data, and while it does this, it replaces the data bit 
30 block 46 with a wait bit block (which will be described later), and transmits the wait 
bit block to the succeeding source driver IC 20. 
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(b) Gamma compensation data [Gamma 10-bit] [00000000000000] 
This is a case where a reference gamma compensation voltage having a 10-bit 
precision is generated, for the gamma compensation the required number of data sets 
are transmitted. The drivers 29 of all the source driver ICs 20 may either receive the 
5 same data, or may receive different data. 

(4) Wait bit block 47 

This is used only by the source driver ICs 20. The header 41 is [1111] (wait) and 
represents a wait bit block. During the reception of video data, each source driver IC 
10 20 transmits a wait bit block 47 to a succeeding source driver IC 20. During the 
reception of the wait bit block 47, the source driver IC 20 does not perform any 
process, and waits to receive the video data that is included in the data bit block 46. 

Figs. 5A, 5B and 5C are diagrams showing the transmission of a serial signal that is 
1 5 composed of sequential bit blocks. In Fig. 5 A, the initial state is shown where gamma 
compensation data for each source driver IC 20 is set. First, in a synchronization 
period (a Sync period) that is provided by a plurality of contiguous synchronization bit 
blocks 44, the source driver IC 20 obtains synchronization. Following which the 
gamma data transmission start command in the command bit block 45 is received, and 
20 then the gamma compensation data in the data bit block 46 is received. As previously 
described, the gamma compensation data consists of the required number of data bit 
blocks 46. 

Fig. 5B is a diagram showing the transmission of n-line video data by using the input 
25 of a first chip that is the first source driver IC 20 and the input of a second chip that is 
the next source driver IC 20. After the blanking period (Sync: synchronization 
period), the video data transmission start command in the command bit block 45 is 
received, and then video data for one line is received. Subsequently, the strobe ON 
command is received at an appropriate time. At this time, the source driver IC 20 
30 starts writing data to the liquid crystal cell 2. Actually, a voltage is applied to the 
liquid crystal cell 2 when the strobe OFF command is next received, and until that 
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time, the output is maintained in a high impedance state. Positive output is selected by 
the output polarity designation command that is issued between the strobe ON 
command and the strobe OFF command. During the reception of its own, individual 
video data, the first chip in the upper portion in Fig. 5B transmits the wait bit block 47 
5 to a succeeding source driver IC 20 (a second chip). The second chip in the lower 
portion skips the wait bit block 47, starts reception of the video data, and writes data to 
the liquid crystal cell 2. 

Fig. 5C is a diagram showing the transmission of n+1 lines of video data. The 
10 difference from Fig. 5B is that negative output is selected as an output polarity. 

As is described above, according to this embodiment, the four bit blocks are employed 
to transmit the video data and to control the source driver IC 20. As a result, all the 
not control input pins used for the conventional LCD source driver are required, and 
1 5 the WO A can be carried out. 

The arrangement of the serial video signal receiver 28 in Fig. 3 will now be described. 
Fig. 6 is a diagram illustrating the arrangement of the serial video signal receiver 28. 
The serial video signal receiver 28 employs the synchronization bit block 44 in the 

20 received serial data to automatically obtain synchronization, and outputs four bits of 
parallel data whose heading has been adjusted. In Fig. 6, a converter 51 converts 
serial data into four bits of parallel data, and 4-bit latches 52 and 53 latch serial data 
output by the converter 51. A selector 54 selects four signals from among seven 
signals AO to A2 and BO to B3. A decoder 55 decodes the output of the 4-bit latch 52, 

25 and a sequencer 56 employs the output obtained by the decoder 55 to perform 
synchronization and to control the selector 54. A decoder 57 decodes the output of the 
selector 54. And a 3-bit synchronization counter 58 stores the header position of a bit 
block. 

30 The converter 51 and the 4-bit latches 52 and 53 convert serial data into parallel data 
having an eight bit width. This section is operated at the highest speed of all the 
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constituent circuits of the source driver IC 20, and for this section a compact circuit is 
required. Fig. 7 is a diagram showing an example serial/parallel conversion function 
using the converter 51 and the 4-bit latches 52 and 53. This function is carried out by 
using D-FFs (D-flip-flops). In Fig. 7, Signal/Clock represents a signal and the 
5 operating frequency of a clock when the serial data are input at 2 GHz. The serial data 
received by the converter 51 are converted into parallel data, and a 1 GHz clock and 
data (a Signal) that can be sampled are output at 1 GHz. Then, the data are transmitted 
via the D-FFs of the 4-bit latches 52 and 53, and a 500 MHz clock and data (a Signal) 
that can be sampled are output at 500 MHz. 

10 

The decoder 55 in Fig. 6 decodes the output of the 4-bit latch 52, and searches for the 
header 41 of the synchronization bit block 44. The decoder 55 is constituted by four 
4-bit comparators. Fig. 8 is a diagram showing the relationship between the 
comparison pattern for the header 41 and the output of the selector 54. The left 

15 column represents the output of the 4-bit latch 52 at an n clock; the middle column 
represents the output of the selector 54 at an n+1 clock; and the right column 
represents a control ID that is output by the sequencer 56 and transmitted to the 
selector 54. Upon the receipt of the control ID, the selector 54 outputs a signal in the 
middle column. Each comparator compares input [A3, A2, Al, AO] with a bit pattern 

20 in Fig. 8. Only during a period wherein asynchronization of data occurs, the 
sequencer 56 employs the results of the decoder 55 to control the selector 54, as is 
shown in Fig. 8, and to recover the data synchronization. The state of the selector 54, 
once it is set, is maintained until asynchronization of data occurs. 

25 The decoder 57 is constituted by four 4-bit comparators, and decodes the output of the 
selector 54 to determine whether data synchronization has been maintained. Fig. 9 is a 
diagram showing patterns for conforming data synchronization. The patterns 
compared by the 4-bit comparator are, as is shown in Fig. 9, those of the headers 41 
that consist of four types of bit blocks. The sequencer 56 monitors the comparison 

30 results at appropriate times, and recovers data synchronization if asynchronization has 
occurred. The asynchronization of data occurs when, for example, power is turned on 
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or noise is superimposed on a serial signal line, or when video data is restarted. In this 
case, an incorrect bit sequence is extracted by the decoder 55 and the sequencer 56. In 
this embodiment, data synchronization can be confirmed by examining the output of 
the decoder 57, and data synchronization can be recovered if asynchronization occurs. 

5 

The synchronization counter 58 transmits a timing whereat the header 41 of a bit block 
is to be produced as the output of the selector 54. In this embodiment, since one bit 
block includes 28 bits, the header 41 is to be produced every seventh output of the 
selector 54. Therefore, during a period wherein data are synchronized (the sequencer 

10 56 is notified), when the decoder 55 finds the header 41 of the synchronization bit 
block 44, the synchronization counter 58 is reset and then repetitively counts from 0 to 
6, with the header 41 being produced as the output of the selector 54 when the 
synchronization counter 58 indicates 0. The sequencer 56 uses this timing to monitor 
the output of the decoder 57 to determine whether data synchronization has been 

15 obtained. 

Fig. 10 is a diagram showing the state shifting of the sequencer 56. The state shifting 
of the sequencer 56 occurs when the synchronization counter 58 indicates 0. First, 
when the system is reset, the sequencer 56 is in a "synchronization recovery" state 61. 

20 During this period, the selector 54 is controlled based on the results obtained by the 
decoder 55, and data synchronization and data tracking are automatically performed. 
When the header 41 of the synchronization bit block 44 is correctly detected by the 
decoder 57, the sequencer 56 is shifted to a "synchronization bit block reception" state 
62. In this state, only the sequencer 56 receives the synchronization bit block 44, and 

25 no other process is performed. When the sequencer 56 receives the header command 
for the command bit block 45, the sequencer 56 is shifted to a "command bit block 
reception" state 63. If an undefined bit pattern is received, the sequencer 56 regards it 
as an error, and returns to the "synchronization recovery" state 61 to again obtain data 
synchronization. In the "command bit block reception" state 63, the sequencer 56 

30 receives various control commands. In a "data bit block reception" state 64, the 
sequencer 56 receives video data or gamma compensation data. In a "wait bit block 
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reception" state 65, the sequencer 56 waits for the reception of the data bit block 46. 
During this period, the source driver IC 20, which is located upstream of the target 
source driver IC 20, performs the sampling of video data. The target source driver IC 
20 receives the data bit block 46 as well as the preceding wait bit block 47, and stores 
5 the block 46 in a video data memory (not shown) in the LCD source driver 3 1 . 

Fig. 11 is a diagram showing the operation performed by the serial video signal 
receiver 28 for data synchronization. In Fig. 1 1, bn (b3 to bO) 71 denotes the output of 
the converter 51, An (A3 to AO) 72 denotes the output of the 4-bit latch 52, and Bn 

10 (B3 to BO) 73 denotes the output of the 4-bit latch 53. Exxxx 74 denotes the results 
obtained by the decoder 55, and Sync, Command and Data denote results obtained by 
the decoder 57. Hcounter 75 denotes the value of the synchronization counter 58, and 
when this value is 0, the state of the sequencer 56 is shifted. Control 76 denotes a 
control signal for the selector 54, and functions as is shown in Fig. 8. State 77 denotes 

15 the state of the sequencer 56; 0 represents the "synchronization recovery" state 61, 1 
represents the "synchronization bit block reception" state 62, 2 represents the 
"command bit block reception" state 63, and 3 represents the "data bit block reception" 
state 64, while Dn (D3 to DO) denotes the output of the selector 54. In Fig. 1 1 is 
shown the process during which the serial input is stabilized, following which Sync, 

20 Sync, Command, Data and Data are entered in the named order to obtain data 
synchronization. At least two cycles of Sync are required for data synchronization. 

The arrangement of the driver controller 29 in Fig. 3 will now be described. 

Fig. 12 is a diagram illustrating the arrangement of the driver controller 29. As is 

25 shown in Fig. 12, the driver controller 29 employs a 4-bit, 7-level shift register 81 to 
convert the 4-bit parallel data, which are obtained by the serial video signal receiver 
28, into 28-bit parallel data. In addition, the output of the shift register 81 is stored in 
a 28-bit latch 82 at a timing whereat the synchronization counter 58 in Fig. 6 indicates 
0. The 24 bits of data stored in the latch 82 are stored in a 24-bit latch 84 or 87 by a 

30 switch 83, for which control is provided by a controller 88. The data stored in the 
latch 84 is a video signal, and is output to the LCD source driver 31 in Fig. 3. The 
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latch 84 includes two stages: a latch 85 and a latch 86, the timing for which can be 
matched. The data stored in the latch 87 is gamma compensation data, and is output to 
the gamma compensation circuit 30 in Fig. 3. Control of the switch 83 is provided in 
accordance with whether a command that is received in advance is a command for 
5 starting the transmission of video data or for starting the transmission of gamma data. 

In accordance with a received command, the controller 88 generates and transmits a 
control signal to the LCD source driver 31 that, in Fig. 12, includes SPin, a sampling 
start pulse that is generated at the timing at which video data are received; STB, a 

10 signal for controlling the output to the liquid crystal cell 2, which upon the receipt of a 
strobe ON command is output High and which upon the receipt of a strobe OFF 
command is output Low; and POL, a signal for controlling the polarity of the output to 
the liquid crystal cell 2, which upon the receipt of a positive polarity output command 
is output High and which upon the receipt of a negative polarity output command is 

15 output Low. The controller 88 also receives from the LCD source driver 31 a signal 
SPout, which provides notification of the time at which the sampling of video data for 
one chip ended. Thereafter the controller 88 employs the signal Spout and the 4-bit 
data received from the serial video signal receiver 28 to generate a Cnt_Mask, which 
is a signal for generating the wait bit block 47. A Strobe signal is also output by the 

20 controller 88 to notify the gamma compensation circuit 30 in Fig. 3 of the reception of 
gamma compensation data. 

Figs. 13A and 13B are diagrams showing the process for generating a control signal 
(waveforms and the shifting of the state of each control signal). In Fig. 13 A, latch 82 

25 represents the output of the latch 82 in Fig. 12, and the latches 85 and 86 represent the 
video data that are latched and that, via the switch 83, are output to the LCD source 
driver 31 . As is shown in Fig. 13B, when the first video data is received following the 
issue of the video data transmission start command (Cmd Video), the one pulse signal 
SPin is output. That is, the state is shifted from 0 to 1. Also, the signal STB is set to 1 

30 upon the receipt of a strobe ON command (Cmd StbOn), and is cleared upon the 
receipt of a strobe OFF command (Cmd StbOf). In addition, upon the receipt of the 
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output polarity designation command (Cmd Pos/Cmd Neg), the signal POL is shifted 
to a bit that represents the designated polarity. In this embodiment, the controller 88 is 
operated at 1/28 of the input clock. 



5 Figs. 14 to 18 are diagrams showing the distribution of video data that is effected by 
the generation of the wait bit block 47. Fig. 14 is a diagram showing the transmission 
of data when the generation of the wait bit block 47 is initiated. All the source driver 
ICs 20 perform the same operation. The serial video data are transmitted via the 
converter 51, the 4-bit latches 52 and 53 and the selector 54 in Fig. 6 to the controller 

10 88 in Fig. 12. The serial video signal is a signal of about 2 GHz, and the others are 
signals of about 500 MHz that is 1/4 of 2 GHz. At the timing at which the selector 54 
outputs the header 41 of the bit block (the timing whereat the synchronization counter 
58 in Fig. 6 outputs 0), the controller 88 is notified that the input bit block is the 
command bit block 45, and at the next 500 MHz clock it is notified of that the 

15 command is the video data transmission start command. At this time, because of the 
timing for the self-operating converter 51, a variance of four 2 GHz clocks occurs at a 
CntJMask change point whereat the Cnt_Mask is set to 1 . However, since there is still 
extra time remaining before the header 41 for the data bit block 46 succeeding the 
command bit block 45 is received, header [1110] can be changed to [1111], i.e., the 

20 data bit block 46 can be changed to the wait bit block 47. In addition, although the 
output of the differential buffer 23 may become unstable when Cnt_Mask is changed 
from 0 to 1, originally this period is not meaningful as far as the succeeding source 
driver IC 20 is concerned, and no problem occurs. 

25 Fig. 15 is a diagram showing a delay that extends from the time serial video data are 
entered until the 24-bit data are completed. In Fig. 15, a delay is shown that continues 
until the 24-bit data are obtained by the latch 82 in Fig. 12. Fig. 16 is a diagram 
showing the timings for the data output to the LCD source driver 31 and for a 
sampling pulse. In Fig. 16, the 24-bit data for the latch 82 are transmitted via the 

30 latches 85 and 86 in Fig. 12 to the LCD source driver 31 in Fig. 3. SPin is a sampling 
start pulse, and SPn (SPO, SP1, SP2, SP3, . . .) is the output of the shift register that is 
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incorporated in the LCD source driver 31. When SPn is 1, the n-th data are stored. 
Fig. 17 is a diagram showing the timing whereat the data are distributed among the 
source driver ICs 20 in accordance with Figs. 15 and 16. In Fig. 17 a source driver IC 
20 of 384 output pins (128 x 3 (RGB)) is employed. Each driver chip requires 128 
5 data bit blocks 46. The first source driver IC 20 reads Data 0 to Data 127, and the 
second source driver IC 20 reads Data 128 to Data 255. As is apparent from Fig. 17, 
the controller 88 in Fig. 12 employs, as SPout, the SP124 representing the timing for 
storing Data 124 to return Cnt_Mask to 0 at an appropriate timing. When Cnt_Mask 
has been returned to 0 ? the serial video signal that represents the wait bit block 47 is 
10 changed to the original data bit block 46, so that the succeeding source driver IC 20 
can correctly receive the video data. 

As is described above, since the CntJVtask signal is controlled, video data can be 
correctly distributed among the source driver ICs 20 that are cascade-connected. 
15 Fig. 18 is a diagram showing the sequence for generating a CntJMask signal. The 
state is shifted each 1/4 clock (500 MHz in this embodiment). The CntJVIask signal is 
set to 1 in State[l 1], and is set to 0 in the other States. 

Fig. 19 is a diagram showing the arrangements of the output differential buffers 23 and 
20 24 in Fig. 3. In Fig. 19, when CntJVlask signal is 1, the positive output (+Data) of the 
differential buffer 23 for video data is set to 1, and the negative output (-Data) is set to 
0. The differential buffer 24 for a clock has the same arrangement in order to match 
its characteristic with that of the video data differential buffer 23, and the control input 
is fixed at 0. 

25 

As is described above, in this embodiment, the signal pad and the power pad are 
arranged on both sides of the source driver IC 20, which is a chip, and all the lines 
among the chips are cascade-connected. Further, the power source is also cascade- 
connected by including a metal layer inside the chips. As a result, the bus connection 
30 for the chips can be eliminated, and the WOA can be provided. 
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Further, a synchronization pattern of two cycles is transmitted during the horizontal 
blanking period for a video signal. And during a transmission period for video data, 
the header pattern for each bit block is monitored to confirm with the synchronization 
of data. Therefore, even when an erroneous operation occurs, the synchronization of 
5 data can be recovered after one line. 

In addition, by the transmission of a packet, each source driver IC 20 can control the 
operation merely by using a video transmission line. As a result, the control input 
terminals that are normally prepared are not required, and the number of lines can be 
1 0 considerably reduced. 

Furthermore, since each source driver IC 20 masks its own video data, video data can 
be distributed among the chips while the video data belonging to a source driver IC 20 
are not revealed to a succeeding driver. Thus, the distribution of video data can also 
1 5 be performed merely by video data transmission lines. 

As is described above, according to the present invention, it is possible to reduce the 
number of inputs to an LCD driver, and to reduce manufacturing costs by employing 
the COG&WO A technique. 

20 

Further, a compact, fast serial interface requiring only a small amount of power can be 
provided and the number of circuits that are operated at a high speed can be 
minimized, so that increases in power consumption and in chip sizes can be 
suppressed. 

25 

While the invention has been particularly shown and described with respect to 
preferred embodiments thereof, it will be understood by those skilled in the art that the 
foregoing and other changes in form and details may be made therein without 
departing form the spirit and scope of the invention. 

30 
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